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ABSTRACT 

We present results from an extensive spectroscopic survey, carried out with VLT FORS, and from 
an extensive multiwavelength imaging data set from the HST Advanced Camera for Surveys and 
ground based facilities, of the cluster of galaxies RDCS J1252. 9-2927. We have spectroscopically 
confirmed 38 cluster members in the redshift range 1.22 < z < 1.25. A cluster median redshift of 
z = 1.237 and a rest-frame velocity dispersion of 747lg4 km s~ x are obtained. Using the 38 confirmed 
redshifts, we were able to resolve, for the first time at z > 1, kinematic structure. The velocity 
distribution, which is not Gaussian at the 95% confidence level, is consistent with two groups that 
are also responsible for the projected east-west elongation of the cluster. The groups are composed 
of 26 and 12 galaxies with velocity dispersions of 486igg km s~ x and 426^^q 5 km s -1 , respectively. 
The elongation is also seen in the intracluster gas and the dark matter distribution. This leads us to 
conclude that RDCS J1252. 9-2927 has not yet reached a final virial state. We extend the analysis of 
the color-magnitude diagram of spectroscopic members to more than 1 Mpc from the cluster center. 
The scatter and slope of non-[OII]-emitting cluster members in the near-IR red sequence is similar to 
that seen in clusters at lower redshift. Furthermore, most of the galaxies with luminosities greater than 
~ K* + 1.5 do not show any [Oil], indicating that these more luminous, redder galaxies have stopped 
forming stars earlier than the fainter, bluer galaxies. Our observations provide detailed dynamical 
and spectrophotomctric information on galaxies in this exceptional high- redshift cluster, delivering an 
in-depth view of structure formation at this epoch only 5 Gyr after the Big Bang. 
Subject headings: galaxy clusters: general — galaxy clusters: individual(RDCS J1252. 9-2927) 



* BASED ON OBSERVATIONS CARRIED OUT WITH THE 
ESO VLT UNDER PROGRAMS 166.A-0701, 69.A-0683, 73.A- 
0832 AND 76.A-0889 

1 Department of Physics and Astronomy, Johns Hopkins Uni- 
versity, Baltimore, MD 21218. USA 

2 demarco@pha.jhu.edu 

3 ESO - European Southern Observatory. Karl-Schwarzschild- 
Str. 2. D-85748 Garching bei Miinchen. Germany 

4 ESO - European Southern Observatory. Alonso de Cordova 
3107, Casilla 19001, Santiago, Chile 

5 Dipartimento di Astronomia, Universita dcgli Studi di Trieste, 
via Tiepolo 11, 34131 Trieste, Italy; INAF - Osservatorio Astro- 
nomico di Trieste, via Tiepolo 11, 34131 Trieste, Italy 

6 INAF - Osservatorio Astronomico di Trieste, via G.B. Tiepolo 
11, 34131 Trieste, Italy 

UCO/Lick Observatory, University of California, Santa Cruz, 
1156 High Street, Santa Cruz, CA 95065 

8 University of California, Davis, CA 95616; Institute of Geo- 
physics and Planetary Physics, Lawrence Livermore National 
Laboratory, Livermore, CA 94551 

9 Department of Physics and Astronomy, Washington State 
University, Pullman, WA 99164-2814 

10 Space Telescope Science Institute, 3700 San Martin Drive, 
Baltimore, MD 21218 

11 NFN, National Institute for Nuclear Physics, Trieste, Italy 

12 Instituto de Astrofi'sica de Andaluci'a (CSIC), Camino Bajo 
de Huetor 50, Granada 18008, Spain 

13 Departamento de Astronomia y Astrofi'sica, Pontificia Uni- 
versidad Catolica de Chile, Casilla 306, 22 Santiago, Chile 

14 University of Paris Diderot, 75205 Paris Cedex 13, France 

15 GEPI, Observatoire de Paris, Section de Meudon, 
92195 Meudon Cedex, France 

16 Department of Physics and Astronomy, Rutgers, the State 
University of New Jersey, 136 Frelinghuysen Road, Piscataway, 
NJ 08854-8019 

17 Departamento de Fi'sica y Meteorologia, Universidad de 
Valparaiso, Avda. Gran Bretafia 1111, Valparaiso, Chile 



1. INTRODUCTION 

Clusters of galaxies are tracers of the peaks of matter 
density in the universe. Their study over a wide range in 
redshift provides an insight into the process of mass as- 
sembly of structures through cosmic history, from galac- 
tic to Mpc scales. They are suitable laboratories in which 
to study galaxy populations, providing clues to better un- 
derstand the effects of the local environment on galaxy 
properties and galaxy evolution. Cluster X-ray luminos- 
ity and temperature indicate the existence of massive 
systems (M > 10 14 M(7)) already when the universe was 
half its present age (iJeltema et al.ll2001t [M augha n et al.l 
12003112004 iRosati et al.ll2004 iMullis et al.ll2005D . While 
some of the se clusters have a rela xed X-ray morphology 
by z ~ 0.8 (jMaughan et al.ll2004D , others show clear sig- 
natures of being still in a formation stage, as indicated 
by their fil amentary morpho l ogy and the presence of sub- 
structure dGioia et alJ 1 19991 12004 iDemarco et "all 120051: 
iGirardi et alT 2005: Ta naka et al.ll2006fl . 

The dense cluster environment has a profound effect 
on the properties of the cluster galaxies. Most notably, 
early-type galaxies are more preva lent in clusters than 
in low-density, field environments (|Dresslerl Il980), and 
this morphology-den s ity relation h as existed since z ~ 1 
(iDressler et al.l 119971: ISmith et al.l l2005t iPostman et~aT1 
l2005f h The existence of the morphology-density rela- 

18 NASA Goddard Space Flight Center, Code 680, Greenbelt, 
MD 20771 



2 



Demarco et al. 



tion suggests that the properties of the stellar popu- 
lations of galaxies also depend on their environment, 
which is corroborated by the relation between star- 
forma tion history, color, a nd en vironment (jBalogh et all 



19981 iHelsdon fc Ponmad l20ul Kauffmann et alJ 120041: 



Wake et al.l l2005t IP ostman et al.l 
2006aHThomas fc Katgertj|2006ft . 



2005: Homcicr et al. 



Measurements of the evolution of the mass-to-light ra- 
tio of massive cluster early-type galaxies have demon- 
strated that their ste llar populations were largely 
formed at z > 2 ( e.g., Ivan Dok kum fc Stanford! [2003; 
iHolden et all 120051) . The s low evolution of the 
color-magnitude rel a tion (e.g.. IBlakeslee et al.l [2 003b: 
Holden et alJ 12004 IBlakeslee et al.1 120061: iMei et al.l 
2006allb! ; lHomeier et al.ll2006bl ) shows that this is the case 



for early-type galaxies well below the characteristic lu- 
minosity although there seems to be a lac k of faint, red 
galax ies at redshifts higher than z ~ 0.5 (Tana kaet al.l 
2005). Remarkably, massive field early-type galaxies 
have been shown to be not much younger, in terms of 
their stellar populati ons, than cluster early-type galaxies 
with the same mass (Ivan der Wei et al.ll2005l : iTreu et al.l 
120051: Ivan Dokkum fc van der Marell l200lfl This raises 
the question whether galaxy mass or environment is the 
most important driver of galaxy evolution. 

Most of our knowledge of cluster evolution comes from 
observations at redshift lower than unity and a few 
sparse data sets at z = 1-1.3. Observing galaxy clus- 
ters at z > 1 is difficult and only a small number of 
galaxy clusters at such a high redshift have been con- 
firmed to date (IStanford et al.lll997t IRosati et al.lll999l: 
Stanford et~ani2002l:lRosati et al.ll2004l; lHashimoto et al l 



20041 IMullis et all 120051: IStanford et all 120051 1200a 
Brodwin et all 2006; E lston et alJ 120061) . With the pri- 



mordial activity of cluster and massive galaxy formation 
happening at z > 1, the observations of systems at those 
redshifts offer the possibility of learning more about their 
physical properties at an epoch when baryons are first be- 
ing assembled into gravitationally bound systems within 
massive dark matter halos. O ne of those high re dshift 
clusters, RDCS J1252.9-2927 (jRosati et al.ll200l . is a 
massive X-ray luminous system at z = 1.24 selected from 
the R OSAT Deep Cluster Survey (RDCS; IRosati et all 
1998), which has been the center of an intensive multi- 
wavelength campaign in the past 5 years. 

RDCS J1252.9-2927 (a J20 oo = 12 ft 52 m 48 s , <5. /2 ooo = 
-29°27'00") was discovered in the 15.7 ksec ROSAT 
PSPC field with ID WP300093 at an off-axis angle of 
13f9 with 31 net counts, corresponding to a flux of 
(2.5 ± 0.9) x 10~ 14 erg cm~ 2 s" 1 in the 0.5-2 keV band. 
I-band imaging (30 minutes exposure), obtained with 
the Prime Focus camera at the CTIO 4-m telescope in 
February 1997, revealed a faint (/ ~ 21.7) galaxy pair 
very close to the X-ray centroid position. In Novem- 
ber 1998, J- and K s -b &nd imaging obtained with SofI 
(|Moorwood et all Il998h on the ESO New Technology 
Telescope (NTT) showed a clear overdensity of red galax- 
ies wit h J — K s c± 19, ty pical of early-type galaxies at 
z > 1 (jLidman et al.ll2004fh 

X-ray imaging with Chandra and XMM-Newton has 
been obtained allowing a complete modeling of the X- 
ray surface brightness of the cluster together with an 
unprecedented accuracy in the estimation of its tem- 



perature, metallicity and dynamical mass (|Rosati et al.l 
120041 ). RDCS J1252.9-2927 is a massive structure with 
a luminosity of L x (bol) — (6.6 ± 1.1) x 10 44 erg s _1 (Hq 
= 70 km s^ 1 Mpc -1 , fl m =0.3, and fl\=0.7) measured 
within an aperture of 60" (500 kpc) radius and a total 
mass of M = (1.9 ± 0.3 ) x 10 14 M m within a R 500 ra- 
dius 19 of 536 ± 40 kpc (jRosati et al.ll2004l ). Its intra- 
cluster medium (ICM) is characterized by a temperature 



T. r 



6.0^05 kcV and a metallicity Z 



O-36_ o '.io-^0 

(jRosati et al.l [2004) , and the surface brightness profile 
shows a discontinuity typical of cold fronts systems found 
in Chandra observations of low redshift clusters. 

High angular resolution optical observations of the 
cluster with the Advanced Camera for Surveys (ACS; 
iFord et al. Ill998l) on the Hubble Space Telescope (HST) 
delivered unprecedented morphological information for 
the cluste r galaxy populations a s well as accurate pho- 
tometry (Blakcslc e et al.1 l2003bl) . Additional ground 
based photometry in the near- IR (jLidman et all 12004ft 
has been obtained with ISAAC 20 on the ESO Very Large 
Telescope (VLT), while Spitzer/IRAC observations of 
RDCS J1252.9-2927 (Stanford et al., in preparation) 
have made it possible to sample the rest-frame near-IR 
light of the cluster. 

During the past few years we have carried out an ex- 
tensive spectroscopic survey of RDCS J1252. 9-2927 with 
the ESO VLT aimed at confirming a large fraction of the 
cluster population. This effort has yielded the most com- 
plete spectroscopic dataset so far on this cluster. In this 
paper we present the results from this ESO VLT/FORS 21 
spectroscopic program in combination with ACS and 
VLT/ISAAC imaging data. This investigation is aimed 
at spectroscopically identifying the cluster galaxy pop- 
ulations in order to study the cluster dynamics from 
galaxy kinematics and the spectrophotometric properties 
of cluster members. Unless otherwise indicated, we as- 
sume a ACDM cosmology with Ho = 70 km s _1 Mpc -1 , 
ft M =0.3, and ft A =0.7. 



2. DATA SET AND DATA REDUCTION 

2.1. ACS and ground based imaging data 

Imaging observations of RDCS J1252. 9-2927 in the op- 
tical have been carried out from the ground and from 
space. The ACS Wide Field Camera (WFC) on HST was 
used to obtain imaging with the F775W and F850LP fil- 
ters (hereafter 1775 and zsso, respectively), as part of a 
guaranteed time observation program (ID: 9290). Three 
orbits in 1775 and five orbits in 2^50 were completed dur- 
ing May and June of 2002, distributed in a 2 x 2 mosaic 
pattern. The pointings overlapped about 1', producing 
exposures of 12 orbits in 1775 and 20 orbits in ZS50 of the 
cluster core. A more detailed description of the ACS data 
on RD CS J1252.9-2927 is presented in IBlakeslee et~"aH 
(12003b!) . 

The g round based optical data were collected with 
FORS2 (jAppenzeller fcRupprechtl 1 1992ft on the VLT, 
under ESO program 169.A-0458(A). The imaging data in 

19 R/\ is defined as the radius within which the mean density is 
A times the critical density of the universe at a given redshift. 

20 ISAAC stands for Infrared Spectrometer And Array Camera. 

21 FORS stands for FOcal Reducer and low dispersion Spectro- 
graph. 
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the B-, V- and i?-band were obtained between March 
1st and March 3rd, 2003, in very good seeing conditions. 
The co-added images have FWHM of C/66 in the B-band, 
0'.'60 in the V-band, and 0"56 in the i?-band. The photo- 
metric calibration was done using the many Landolt field 
stars that were observed during the same nights. The im- 
ages have been corrected for the instrumental response, 
bias and flat, in a standard manner. All images were pho- 
tometrically aligned by using about one hundred bright 
but unsaturated stars in the field, which showed that the 
nights were indeed photometric. The images were as- 
trometrically flattened and then finally co-added. As a 
further check, the same point sources used for the sin- 
gle images photo alignment were compared with FORS1 
data acquired in May 1999, in the same B-, V-, and R- 
band. The mean differences in magnitude for the selected 
objects were -0.006±0.030 in B and 0.015±0.021 in V. 
In the i?-band, a V — R color term correction was found 
giving a mean difference of 0.002±0.032. 

Ground based near-IR imaging obser vations of RDCS 
J125 2.9-2927 were taken with ISAAC (|Moorwood et all 
199911 on the ES Q VLT and are described in 
Lidman et al.l (|2004h . In the central regions of the cluster 
the data reach limiting magnitudes (5cr limit over a 0'.'9 
diameter aperture) of 26.5 (AB) and 26.0 (AB) in the 
J- and -ftT^-bands, respectively. Since then, these data 
have been reprocessed to optimise image quality and to 
facilitate the computation of aperture corrections over 
the entire region covered by near-IR observations. The 
image quality in the reprocessed images varies from 0'.'32 
to 0'.'43. The FWHM of point sources in a single tile is 
relatively constant and this makes it simpler to compute 
these aperture corrections, whereas the FWHM of point 
sources in the mosaic varies from tile to tile. Hence, 
rather than combining the images into a single mosaic, 
each tile was processed and analysed separately. This 
means that some objects appear multiple times as there 
is considerable overlap between different tiles. To handle 
this, we create catalogs for each tile and if a source is in 
more than one catalog, we average the result. We also 
compute an error from the different measurements and 
compare it to the error computed in SExtractor. If the 
source is in only one catalog, we use the error computed 
in SExtractor, otherwise we use either the SExtractor er- 
ror or the error derived from the multiple measurements, 
whichever is the largest. Magnitudes are measured in 10 
pixel diameter apertures (~l'/5) and then corrected to 
larger apertures (4"diameter) using stars in each tile to 
compute aperture corrections. 

2.2. The photometric catalog 

A first multi-color catalog was built out of the 
above data sets. This catalog contained the pho- 
tometry c omputed from the ISAAC mosaic as de- 
scribed in iLidman et al.1 (|2004l ). without including the 
more recently reprocessed ISAAC photometry (see 
fc |2.1l) . We note that the original ISAAC photometry in 
ILidman et al.l (|2004l ) and the reprocessed one presented 
here (see below) are both in good agreement with each 
other, showing median differences of 0.002 in K s and 

22 The B-, V- and R-band correspond to the B.BESSEL, 
V.BESSEL and R.SPECIAL (FORS2) or R.BESSEL (FORS 1) 
filters, respectively. 



0.007 in J s with dispersion (a) values of 0.064 and 0.033, 
respectively. The ACS, FORS2 and ISAAC images have 
different PSF FWHM. In order to avoid source blend- 
ing due to a plain smoothing of the best seeing images 
to match the worst one, we adopt a different strategy 
to correct for these different PSFs. Using the same 
bright point-like sources as before (see N2.ip . we con- 
struct growth curves. We then computed the aperture 
magnitude for all ground based and ACS images using 
an aperture of l'/5 diameter. An aperture correction from 
1'.'5 to 4" diameter has been first computed using point 
sources, and then applied to all sources in the optical 
(ACS and FORS2) and near-IR (ISAAC) bands. Al- 
though this aperture correction is not strictly equivalent 
to the smoothing technique, we have checked, using the 
ACS data, that the two approaches give consistent re- 
sults. The main advantage of using this approach in- 
stead of the smoothing one in this analysis is that we 
avoid significant source blending, especially in the cen- 
tral region of the cluster. This catalog was used to select 
candidates for spectroscopy while preparing most of the 
FORS2 masks. 

The final photometric catalog published in this work 
and showing only spectroscopic cluster members is pre- 
sented in Table [3] It contains the B-, V- and i?-band 
photometry from FORS2, the 1775- and Z850 _ band pho- 
tometry from ACS and the newly processed J s and K s 
ISAAC photometry, all of them as described above. The 
magnitudes are apert ure correct ed to a radius of 2" and 
are in the AB system (Oke 1974). To transform our pho- 
tometry from the Vega system to the AB system, we 
recomputed AB corrections adopting the latest available 
Vega spectrum. The AB corrections for the B, V, R, 
J s , J and K 8 filters are -0.088, 0.052, 0.244, 0.968, 0.964 
and 1.899 respectively. For the ^775 and zg5o filters we 
use AB correction valu es of 0.401 and 0.569, respectively 
(|Blakeslee et al.ll2003al) . Values in Table [3] are corrected 
for galactic extinction. In order to take into account the 
galactic redd ening in our a n alyses , we used the extinc- 
tion maps of iSchlegel et al.l (|1998f ). The corrections for 
the B-, V-, i?-, 1775-, z S50 -, J s - and K s - bands are 0.323, 
0.248, 0.200, 0.145, 0.127, 0.067 and 0.027, respectively. 
Near-IR magnitudes presented in Fig. [21 and Fig. [T4l 
are placed on the 2 MASS J,K S system (|Carpenterll2001l : 
I Cohen et alj [2003) . The corresponding transformation 
including the galactic reddening correction is given by: 

(J - K S ) 2MASS = 1.038(J S - K S ) ISAAC - 0.048 (1) 
and 

Ks2MASS = Ksisaac ~ 0.028. (2) 

Unless otherwise stated, magnitudes presented through- 
out this paper are in the AB system. 

2.3. Photometric selection 

The above photometric inf ormation was used to com- 
pute photometric redshifts (|Bemted l2000f ) for all the 
objects within t he field of view (Fo V) covered by the 
ISAAC mosaic ([Lidman et al.ll2004D . This region was 
chosen in order to have optical ACS, optical FORS2 and 
near-IR ISAAC photometry available (see Fig. [J) to 
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compute photometric redshifts. The set of galaxy tem- 
plates for the photomet r ic red shift calculations is pre- 
sented in iBenitez et al.l (|2004f) . Photometric redshifts 
together with color-color diagrams, were used to select 
candidate galaxies for spectroscopy. In our first spectro- 
scopic campaign, galaxies with K s < 21, J s — K s < 2.1 
and R — K s > 3 were targeted. This selection of the spec- 
troscopic sample, indicated by the dashed lines in Fig. [2l 
minimizes the pollution by field galaxies, although it can 
be slightly biased against very red (J S ~K S > 2.2) cluster 
galaxies. This primary selection was complemented by 
another one on the V — I vs / — zgso plane in order to 
improve the selection of Balmer-Break and [Oil] (A3727) 
galaxies. The color tracks in Fig. [5] correspond to dif- 
ferent eyohrtiojiBxy_jnodds^computed with the BC03 
code (jBruzual fc Ch ariot 20Q3|), reproducing galaxy col- 
ors observed at z = 1.237 for different ages (from 1 to 

5 Gyr). These models were employed together with the 
available multicolor information to guide the selection 
of targets. The orange lines represent single burst, so- 
lar metallicity models with burst durations of 0.5 Gyr 
(dot-dashed), 1.0 Gyr (dashed) and 2.0 Gyr (solid). The 
green lines represent exponentially declining star forma- 
tion rate (SFR), solar metallicity models with charac- 
teristic times of r = 1 Gyr (dot-dashed), r = 2 Gyr 
(dashed) and r = 5 Gyr (solid). Model points, indicated 
by small open circles, are spaced by 0.5 Gyr in age and 
are in the ISAAC system. The bl ue line corresponds t o 

6 starburst galaxy templates from iKinnev et all {l996), 
hereafter KC templates, spanning the mean color excess 
range 0.0 < E{B — V) < 0.70 and marked by open dia- 
monds. In subsequent campaigns, we took advantage of 
photometric redshifts in the range 1.1 < z p hot ^ 1-3 as 
they became available. 

2.4. VLT Spectroscopy 

A total of 15 masks were designed to be observed with 
FORS1 and FORS2. The data were obtained as part of 
an ESO Large Program (LP-166.A-0701) and two subse- 
quent ESO proposals (69.A-0683 and 073.A-0832). The 
spectroscopic observations started in March 2000 and 
ended in April 2004. The first mask was observed in 
MOS mode with FORS1 and the 3001 grism, whereas 
the other 14 masks were all observed with FORS2. Spec- 
troscopy with FORS2 was carried out with both the 3001 
and 1501 grisms. All the masks designed for MXU spec- 
troscopy were observed with the 3001 grism while all but 
one MOS mode observations were carried out with the 
1501 grism. The slit width for MXU observations was 
set to 1" while the MOS masks were designed with slit 
widths of 1'.'4 and l'/7. A summary of our spectroscopic 
observations is presented in Table [T] and more detailed 
information about the MOS and MXU modes as well 
as the grism characteristics are given in iDemarco et al.l 
(2005). From October 2002 on, the observations were 
carried out with a CCD mosaic composed of two 2k x 
4k MIT/LL detectors with increased sensitivity (~ 30%) 
in the red, allowing us to obtain a better success rate 
compared to previous observations with the old FORS2 
CCD. The data were reduced fol l owing the same proce- 
dure described in IDemarco et al.1 (|2005l ). 

The efficient selection criteria of targets based on high 
quality imaging data has been a key piece in the success 
of our spectroscopic campaign. From a total number of 



418 galaxies targeted with the 15 masks on FORS (see 
Tabled]) we were able to obtain 282 (67%) redshifts, from 
which 227 (54%) correspond to secure measurements. We 
consider as cluster members all galaxies in the redshift 
range 1.22 < z < 1.25, which corresponds to about ±3a v 
around the cluster median velocity, where o~ v the clus- 
ter velocity dispersion (see H3.1[) . With this criterion 38 
galaxies are classified as spectroscopic cluster members 
(see Table [2|). The signal-to-noise ratio (SNR) per res- 
olution element of cluster member galaxies in the range 
3995 A < A < 4085 A rest-frame is observed to vary 
between ~1 to ~10. The redshifts and the correspond- 
ing error bars were obtained from the cross-correlation 
be tween the object and a template spectra as described 
in IDemarco et al. (2005). In the cases of very poor SNR 
(SNR ~ 1), the redshift was determined from the iden- 
tification of [OII](A3727) in the spectrum. In the case 
of passive galaxies, i.e., galaxies with an absorption line 
spectrum and no visible emission lines, the redshift was 
obtained from the cross-correlation technique as imple- 
mented in the RVSAO/XCSAO task in IRAF. In 23 ob- 
jects (all with SNR > 2.5), Call (H+K) features were 
identified as well. Yet, further s pectroscopic classifica - 
tion, such as the one proposed by iDressler et al.1 (|1999h . 
was not possible with the current data due to the lack 
of an accurate measurement of the 77a(A4102) feature. 
In general, we avoided observing the same object more 
than once, however, we obtained more than one redshift 
measurement for a small number of objects. This al- 
lowed us to estimate total (random+systematic) errors, 
yielding typical values of 6z ~ 12 x 10~ 4 . This value 
represents a more rigorous estimate of the redshift er- 
rors since the formal e rrors given by the cross-correlation 
(|Tonrv fc Davis][l979l) are known to be smaller than the 
true errors (e.g.. iMalumuth et al.l Il99"2l iBardelli et all 
11994 lEllingson fc Yedll994l : iQuintana et alJl2000f >. and 
will be used in computations. 

Those spectroscopic members for which FORS2 and 
ISAAC photometry is available (see table [3]) are shown 
in Fig. [21 The red circles indicate spectroscopically con- 
firmed non-emission line members, while blue triangles 
indicate emission line [OII](A3727) confirmed members. 
The emission line object in the upper right side of the 
plot, marked with a square, corresponds to an X-ray 
source at the cluster reds hift (ID=174; see iRosati et al.l 
I2004t iMartel et all 120071) . Note the unusual morphol- 
ogy of this source (see Fig. [5]) with a fain t red nucleus 
and a n irregular, diffuse structure (also see lMartel et all 
2007). In Table [4] we present the X-ray information cor- 
responding to this source and other X-ray sources in the 
cluster FoV, for which a redshift measurement was ob- 
tained. The X-ray fluxes and rest frame X-ray luminosi- 
ties in the soft ([0.5-2] keV) and hard ([2-10] keV) bands 
were extracted from the 190 ksec Chandra observations 
(|Rosati et all [2004) assuming a power law spectrum with 
photon index 1.4. 

We estimated the success rate of our spectroscopic sur- 
vey as the ratio of the number of objects with spectro- 
scopic redshifts to the number of objects that were tar- 
geted for spectroscopy as a function of K s (AB) mag- 
nitude. The data were binned in AK S — 0.5 mag in- 
tervals and include only objects for which an estimate 
of their K s magnitude is available, as shown in Fig. [3l 
Beside the overall success rate of our survey (solid his- 
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togram), the success rate for galaxies from the primary 
color-color selection (see section §2.1j) is shown as the 
dashed histogram. A secondary color-color selection, de- 
fined by I - z 850 > 0.4, / - z 850 < 0.85, V — I > 0.2, 

V — I < 1.2, V - I > [2.4 (I - z 850 ) - 1.12] and 

V — I < [7.0 (/ — z S 5o) — 2.3], was used to identify 
possible Balmer-Break and star-forming galaxies. The 
success rate of this additional cut in color-color space is 
shown in Fig. [3] as the dotted histogram. For galax- 
ies within the primary color-color cut, the success rate 
decreases dramatically from about 85% to about 20% 
for galaxies with magnitudes fainter than 21.5 in K s . 
At fainter magnitudes, the secondary color-color selec- 
tion was more effective, as intended, at detecting sources 
with emission lines, increasing the number of galaxies per 
mask for which a redshift could easily be obtained. This 
secondary selection allowed us to obtain the redshift for 
23 faint objects with K s > 21.5. This corresponds to 
~ 12% of all (no color restriction) targeted sources with 
K s > 21.5. We note that all the sources within the V — I 
vs I — 2850 cut with K s > 21.5 and spectroscopic confir- 
mation show some star-forming activity, while there are 
no targeted objects in this secondary color-color region 
with K s < 20.2. The V — I vs / — z 8 5o selection was in- 
tended to target star-forming galaxies at the cluster red- 
shift, however only 8 confirmed members with [Oil] were 
confirmed this way. In addition, no secure redshift was 
obtained for objects with K s < 20.5 in this secondary 
color-color selecting area. 

3. ANALYSIS 

3.1. Member selection and global properties 

The distribution in redshift space of the 227 galax- 
ies with a secure estimate of their redshift is shown in 
Fig. 0] The bin size of the histogram is Az — 0.01. 
We p erform the adaptive-kernel method (hereafter DED- 
ICA- [Pisani 1993, 1996; Fad da et al.lfl996l lGirardi~et~aTl 
119961: iGirardi fc Mezzettill2001l ) to search for the signifi- 
cant (>99% confidence level [c.l.]) peaks in the velocity 
distribution. This procedure detects RDCS J1252. 9-2927 
as the strongest peak at z ~ 1.24 (see Fig. |4j populated 
by 38 galaxies (hereafter referred to as cluster members), 
the largest number of spectroscopic members discovered 
so far in a cluster of galaxies at z > 1, distributed over a 
region of 1.8 Mpc in radius. Out of non-member galax- 
ies, 169 and 20 are foreground and background galaxies, 
respectively (see Table [5]). In particular, 33 foreground 
galaxies belong to a dense peak at z ~ 0.74. This struc- 
ture, in the redshift range 0.70 < z < 0.79 (see Table [5]), 
has a 3cr-clipped mean redshift of z = 0.7429 ± 0.0024. 
The projected distribution of these sources extends over 
a region of about 5.'6 a side in front of the cluster, show- 
ing a small concentration of about 10 galaxies at about 
1' north from the cluster center. There is no X-ray ex- 
tended emission associated to this structure indicating 
the lack of a hot gas component, although we note that 
there are 3 X-ray point sources at this redshift (see Ta- 
ble |4|) . This "group" may contribute to overestimate the 
cluster m ass obtained by weak lensing analyses as dis- 
cussed in lLombardi et all (|2005l ). 

By applying the biwe ight estimator to the cluster mem- 
bers (jBeers et al.lll990T ). we compute a mean cluster red- 
shift of (z) = 1.2370± 0.0004. We estimate the line-of- 
sight (LOS) velocity dispersion, a v , by using the biweight 



estimator and applying the cosmological c orrection and 
the standard correction for velocity errors (|Danese et al.l 
1980). We obtain a v = 747±H km s" 1 , where errors 
are estimated through a bootstrap technique. The spec- 
troscopic information available on the cluster member 
sample is given in Table [2| while the ACS and ground 
based photometry of cluster members is presented in 
Table [5] Fig. [5] show 5"x5" thumbnail images of the 
37 spectroscopic cluster galaxies in the FoV of ACS to- 
gether with the corresponding FORS spectrum. The left 
and middle panel correspond to the 2775 (rest-frame U) 
and ^850 (rest-frame B) data. The most prominent spec- 
tral features identified in each spectrum in the displayed 
wavelength range are indicated (see figure's caption for 
details). One cluster member, ID=7001, is out of the 
ACS FoV and its spectrum is shown in Fig. [6j For com- 
pleteness, in Fig. [7] we show the optical spectrum of 
the 10 non cluster member AGN listed in Table 2J We 
do not present any analysis of the spectroscopic proper- 
ties of these sources for being out of the scope of this 
work. Fig. [8] shows the distribution of RDCS J1252.9- 
2927 member galaxies in velocity and redshift space. The 
hatched area indicates the distribution of star-forming 
members. The secondary selection in V — I vs / — Z850 
allowed the discovery of 8 of the 17 cluster members with 
[OII](A3727) emission lines. If we separate cluster mem- 
bers into two categories, passive and star-forming galax- 
ies, there is no significant offset in median velocity be- 
tween the two categories (see Fig. [5]). The mean redshift 
of passive and emission line [Oil] spectroscopic members 
is 1.2373 ±0.0057 and 1.2369 ± 0.0054, respectively. The 
velocity dispersion of these populations are also consis- 
tent with each other and with the overall cluster velocity 
dispersion, within the uncertainties. 

In Fig. [9]we show the rest-frame velocity vs. projected 
distance from the cluster center (lower panel). Here- 
after we consi der as cluster cent er the position of the 
X-ray center (jRosati et al.l l2004| ): R.A.=12 h 52 m 54.4 s , 
Dec.=-29°27T7'.'5 (J2000.0). We also show the rest- 
frame velocities of the three brightest cluster members 
(IDs 291, 247, and 289, hereafter BCM1, BCM2, and 
BCM3). BCM1 is about 0.3 magnitudes brighter in K s 
than BCM2 and BCM3 (upper panel). BCM1 and BCM3 
are closely located near the position of the X-ray center 
and the peak of the galaxy distribution as recovered from 
2D DEDICA method. 

Assuming that RDCS J1252. 9-2927 is in dynamical 
equilibrium (this will be discussed in Jj4]) we can com- 
pute gl obal virial quantitie s. F ollowing the prescrip- 
tions of IGirardi fc Mezzctti (|200lD . we assume for the 
radius of the quasi-virialized region R V j r =Ri78 = 0.17 x 
a v /H(z) = 1.61 Mpc (see their equation 1 after intro- 
ducing the sca li ng w ith H(z); see also equation 8 of 
ICarlberg et~aT1 (|1997t ) for R 20 o)- Therefore, our spec- 
troscopic catalog samples the whole cluster virialized re- 
gion. We can compute the mass using the viri al theorem 
(|Limber fc Mathewsl[T960HGirardi et al.lll998f) under the 
assumption that the galaxies trace the total mass: 

M = M svir - SPT, (3) 

where 

--(t)x(^) 
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is the standard virial mass, Rpv a projected radius (equal 
to two times the harmonic ra dius), and SPT is th e sur- 
face pressure term correction (|The fc White! IT986). The 
estimate of o~ v is generally robust when computed within 
a large cluster region as shown in Fig. [10] At radii larger 
than 1.4 Mpc the profile becomes fla tter, consistent with 
observations of low redshift clusters (|Girardi et al.lll99ll 
iFadda et al.lll996l ). suggesting that at large cluster radii 
any velocity anisotropy of cluster galaxies does not af- 
fect the value of a v (< R). We thus consider the above 
global value, the cluster velocity dispersion. The 

value of Rpv depends on the size of the considered re- 
gion, so that the computed mass increases (but not lin- 
early) when increasing the considered region. Using the 
37 galaxies within R v ; r we obtain Rpy = 1.09±0.15 Mpc. 
As for the SPT correction, we assume a correction factor 
of 20%, whic h we obtained by combining data on man y 
clusters (e.g.. ICarlberg et al.lTl997l: IGirardi et al.lll998fl . 
This leads to a virial mass M(< R V j r = 1.61 Mpc) = 



5.3±H x 10 14 M, 



©• 



We also use d an alternative est imate of the virial mass 
(see eq. 13 of lGirardi et al.|[l998l ). This alternative esti- 
mate is based on the knowledge of the galaxy distribution 
and, in particular, a galaxy King-like distribution with 
parameters typical of nearby/medium-redshift clusters: 
a core radius R CO rc = 1/20 x R v ; r and a slope-parameter 
/3fit = 0.8 (which gives a volume galaxy density at large 
radii as r" 3 *' 1 = r~ 2 - 4 : IGirardi fe Mezzettill2001[ ). For 
the whole virialized region we obtain Rpy = 1-20 Mpc 
where a 25% error is expected due to the fact that typical, 
rather than individual, galaxy distribution parameters 
are assumed. This leads to a virial mass M(< R vir = 1.61 



Mpc)=5.9_2Q x 10 M , in good agreement with the 
above value. 

To compare our result with the estimate o btained from 
the X -ray data for a smaller cluster region (jRosati et al.l 
l200l we assume that the cluster is described by a 
King-like mass distribution (see above) or, alterna- 
tively, a NFW profile where the mass-dependent con - 
centration parameter is taken from I Navarro et al.l (Il997f) 
and rescaled by t he factor 1 + z (Bul lock et al.1 l200lt 



iDolag et alJ l2004f ). We obtain M proj (< R = 0.536 
Mpc)=(1.6 — 2.3) x 10 14 Mp in good agreement with 
that found bv lRosati et alJ (l2004f). This value is also in 
agreement with that found bv lEttori et al.l (|2004f ) within 
a similar projected radius. Using the same mass dis- 
tributions we also compute the projected mass within 
1 Mpc for comparison with the weak lensing analy- 
sis by lLombardi et alJ (|2005l ). The cluster mass dis- 
tribution is truncated at one virial radius or, alterna- 
tively, at two virial radii. The range of our results is 
M nr oi(< R = 1 Mpc)=(4.5 -6.3) x 1O 14 M , in agreement 
with lLombardi et al.l <|2005l ) when taking into account the 
uncertainties on the mass values, although systematically 
lower. 

By comp a ring the cluster X-ray luminosity 
(jRosati et al.l l2004h and the cluster velocity disper- 
sion derive d above with the L x — cr v relation presented 
in Fig. 2 of lXue fc Wul (|2000f ). we see a good agreement 
between the observed Lx and a v values in RDCS 
J1252. 9-2927 and those from more than a hundred 
galaxy clusters selected fro m the literature. Using the 
best fit a v - T relation from lXue fe Wul (|200Ct ). without 



taking into account the fit errors, we obtain a temper- 
ature of T = 3.89t^5 keV for a velocity dispersion of 
This temperature is more than 



747t^ 4 km s- 1 . 



3cr away from the observed value of T x = 6.0_q ' 5 keV 



(jRosati et al.l l2004f ). and still 
errors are considered. 



0.5a lower if the fit 



3.2. Substructures and projected distribution 

We analyze the velocity distribution to look for possi- 
ble deviations from Gaussianity that could provide im- 
portant signatures of complex dynamics. For the follow- 
ing tests the null hypothesis is that the velocity distribu- 
tion is a single Gaussian. 

We compute three shape estimators, i.e. the kurto- 
sis, the skewness , and the scaled tail index (see, e.g., 
iBeers et "all 1 19911 ). The value of the normalized kurto- 
sis (-0.754) shows evidence that the velocity distribution 
differs from a Gaussian, bein g lighter-tailed, with a c.l. 
of ~ 95 - 99% (see Table 2 of iBird fc Beer^ll993h . 

Then we investigate the presence of gaps in the dis- 
tribution. A weighted gap in the space of the ordered 
velocities is defined as the difference between two con- 
tiguous velocities, weighted by the location of these ve- 
locities with respect to the middle of the data. We 
obtain values for these gaps relative to their average 
size, precisely the midmean of the weighted-gap distri- 
bution. We look for normalized gaps larger than 2.25 
since in random draws of a Gaussian distribution they 
arise at most in a bout 3% of the cases, i ndependent 
of th e sample size (jWainer fc Schachtill97a 11 eers et al.1 
1991). One significant gap in the ordered velocity dataset 
is detected dividing the dataset in two subsets contain- 
ing 26 and 12 galaxies from "low" to "high" velocities 
(hereafter WGAP1 and WGAP2 groups; see top panel 
in Fig. [9]). We compare these two subsets applying the 
the 2D Kolmogo rov-Smirnov tests to the galax y positions 
("2DKS-test : seelFasano fc Franceschmilll987l ). as imple- 
mented by iPress et al.l (|1992f T In spite of the modest 
statistics we find a marginal significance (89% c.l.) for 
the difference. The "high" velocity WGAP2 group is lo- 
cated towards East with respect to the "low" velocity 
group WGAP1 (see Fig.[TTJ). 

To further investigate the substructure membership we 
use the K aye's mixture model (KMM) test as imple- 
mented bv lAshman et alJ (| 19941 ). The KMM algorithm 
fits a user-specified number of Gaussian distributions to 
a dataset and assesses the improvement of that fit over a 
single Gaussian. In addition, it provides the maximum- 
likelihood estimate of the unknown n-mode Gaussians 
and an assignment of objects into groups. However, one 
of the major uncertainties of this method is the opti- 
mal choice of the number of groups for the partition. 
Using the results of the gap analysis we decide to fit 
two groups and determine the first guess for the group 
partition. We do not find any group partition which 
provides a significantly better description of the veloc- 
ity distribution with respect to a single Gaussian in the 
ID analysis. However, since the 3D diagnostic is, in 
general, the most sensitive indicator of the presence of 
substructure (e.g.. iPinknev et aT1ll996f )). we apply the 
3D version of the KMM software using simultaneously 
galaxy velocity and positions. In the 3D case we find 
that a two-group partition of 26 and 12 galaxies (here- 
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after KMM1 and KMM2 groups) better describes the ve- 
locity distribution at the 95.6% c.L, according to the like- 
lihood ratio test (see Fig. These groups are located 
at -354 ±159 km s _1 and 845 ±182 kms" 1 with respect 
to the cluster mean velocity, and to the West and East 
of the cluster center, respectively. The velocity disper- 
sions of KMM1 and KMM2 are estimated to be 486±g5 
km s _1 and 426^q 5 km s _1 , respectively. This parti- 
tion corresponds to that indicated by the weighted gap 
analysis with the difference of two galaxies (see Fig. [TT]). 
These velocity dispersion values are less robust than the 
overall cluster velocity dispersion due to uncertainties in 
the membership of galaxies to KMM1 and KMM2, al- 
though the detection and location of the substructures 
are reliable. By assuming dynamical equilibrium and 
theoretically estimating Rpv for each KMM group as 
done in section §3.11 for the whole cluster, we obtain 
masses of M(< R 20 o = 1-05 Mpc)=1.6±g;? x 10 14 M Q for 
KMM1 and M(< R 200 = 0.92 Mpc)=l.l±£e x 10 14 M Q 
for KMM2. We note that the sum of these masses is 
about the half of the cluster mass; we will come back to 
this in section §31 

To look for further evidence that RDCS J1252. 9-2927 
is still not completely dynamically relaxed, we analyzed 
the velocity of the brightest galaxy BCM1. In fact, since 
its location coincides with the X-ray center, one expects 
that BCM1 is at the center of the cluster potential and 
thus at the center of the velocity distribution. We find 
that BCM1 shows evidence of peculi arity at the > 95% 
c.L ac cording to the Indicator test bv lGebhardt fc Beersl 
(|1991f ) , while it lies very close to the peak of the velocity 
distributions of KMM1 (see Fig. [9]). We finally note that 
the close couple of luminous galaxies BCM1 and BCM3 
are separated by ~ 550 km s -1 in r est-fram e velocity and, 
as first noted bv lBlakeslee et all (1200 3b). in interaction 
as supported bv iRettura et al.1 (|2006h who show signs 
of interaction in the form of an S-shaped residual after 
galaxy subtraction linking the two galaxy centers. In ad- 
dition, BCM2 is near the edge of the coma- like structure 
of the X-ray surface brightness reported bv lRosati et al.l 
(l200l . 

In Fig. [T]we show the projected distribution of RDCS 
J1252. 9-2927 spectroscopic members on the plane of the 
sky 23 . Circles are passive galaxies and triangles are emis- 
sion line members. The overall shape of the distribution 
of confirmed galaxy members is clearly elong ated in the 
East- W est direction, as previously reported in I Toft et al.1 
(2004) based on the iT s -band light distribution of pho- 
tometric cluster members, although more u niform than 
that of other high redshift clusters (see, e.g.jGioia et al.1 
ll999UDemarco et al.ll2005UGirardi et"atll2005l ) . The pro- 
jected distribution of the KMM groups is consistent with 
the overall cluster galaxy distribution, suggesting that 
the observed elongation is caused by the merger of both 
groups. 

3.3. Spectral properties of cluster galaxies 

The spectral features of cluster members indicate the 
stellar content of galaxies in RDCS J1252. 9-2927 and for 
some members, the [Oil] line was used to estimate their 

23 The background image corresponds to the ACS combined 1775- 
and 2g5Q-bands data. 



SFR. The spectrum of each one of the 37 cluster mem- 
bers in the ACS FoV is shown in the right panel of Fig. [5] 
while the spectrum of the spectroscopic member outside 
the FoV of ACS is shown in Fig. [6l The flux calibra- 
tion of the spectra is not ac curate in the very red. Fol- 
lowing iHomeier^eF^i] J2( )()•">•. we estimated the SFR for 
the 17 member galaxies with [OIIJA3727 in their spec- 
tra. We measured the integr ated flux of the [ 011] line 
using the bandpass defined in lTran et al.l (|2003l ). In two 
cases with a very low signal-to- noise continuum (IDs 174 
and 9000), the [Oil] line flux was underestimated due to 
sky over-subtraction. Previous to these measurements, 
all the spectra were doppler corrected by using the task 
DOPCOR in IRAF. These line fluxes were converted into 
L\oii] luminosities by assuming that all these galaxies 
are at the same distance, corresponding to the median 
redshift of the cluster (z — 1.237). SFRs were derived 
from the ^\qu\ val ues by following the prescription of 
iKewlev et all (|200l : 

SFR^MQyr- 1 ) = (6.58±1.65) x nT 42 L [0//] (ergs s' 1 ), 

which takes into account the mean reddening corrected 
[Oil]/ Ha = (1.2 ± 0.3) ratio from the Nearby Field 
Galaxies Survey (jJansen et al.1 12000). We do not cor- 
rect for metallicity and dust extinction effects on the 
[Oil] flux measurements, therefore our SFRs estimates 
should be considered as lower limits to the true SFR. 
The [Oil] line can be considerably affected by dust ab- 
sorption, giving SFRs one or two orders of magnitude 
lower than SFRs unaff ected by dust at 15 /im ()Duc et al.l 
l2002t ICoia et al.ll2005D . A more robust SFR indic ator is 
the Ha line (see, e.g.. ICharlot fc LonghettilfeOOlD , how- 
ever, at the cluster redshift this line is not observed in 
the optical. IR luminosities can a lso be used as rea- 
sonable tracers of S FR in galaxies (|Kewlev et al.l [20021 
ICalzetti et aT1l2005ft . Integrated [Oil] line flux measure- 
ments, [Oil] equivalent widths and SFR values derived 
from Ltpii] of star-forming cluster galaxies are given in 
Table m Error bars are estimated by taking into ac- 
count the RMS fluctuation in flux within the two side- 
ba nds at both sides of the [Oil] bandpass, as defined 
in iTran et al.l (|2003f ). The median value of the derived 
SFRs is 0.7 M Q yr _1 , with a few galaxies reaching SFRs 
greater than 2.0 M Q yr _1 (see Table [2]). Typical errors 
in the SFR are about 47%, reaching values greater than 
60% in a couple of cases. Our median SFR value is con- 
sistent within the errors with the mean SFR (0.17±0.02 
Kq Q M q yr' 1 ) derived bv iBalogh et~aTl (|1998h from the 
[OII](A3727) emission line for cluster galaxies at large 
(R200 ~l-5-2 hi Q Q Mpc) clustercentric radii and in the 
redshift range 0.18 < z < 0.55. These values are, how- 
ever, much lower than that of ~ 3/ij~ 2 MQ y r~ x derived 
for c luster galaxies at z ~ 0.75 from Ha ([Finn et al.l 
2005), and even lower than the Ha SFR of field galaxies 
at z ~ 1 (jGlazebrook et al.lll999t iDohertv et aLll2004h . 
In spite o f the little or no evo lution in SFR between the 
sample of lBalogh et al.l (|1998f ) and our sample, this com- 
parison can be affected by dust (see section M3. 5[) and 
metallicity effects on the [Oil] line, therefore, a fair com- 
parison requires Ha and IR measurements of the true 
SFR in order to quantify the amount of evolution. The 
lack of SFR measurements in cluster galaxies at z > 1 
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and the limitations of our data prevent us from studying 
the evolution of the SFR in clusters from z ~ 1.3 down 
to the local universe. 

The co-added spectrum of the 17 star-forming cluster 
members is shown in Fig. 1121 The presence of young 
stellar populations (A- and F-type stars) is inferred by 
the detection of Balmer absorption lines. Most of these 
galaxies present irregular, extended features, most likely 
the home for the young stars and where most of the star- 
forming activity takes place. In particular, we note that 
object ID=6306, with an 1775 — 2:850 = 0.85 color, presents 
a spectrum showing a young post-starburst component 
(prominent Balmer absorption features) in addition to 
an on-going star- formation activity ([Oil] in emission; 
see Fig. [5|- This galaxy can therefore be class ified as an 
E+A+[OiI] galaxy (e.g., iDemarco et al.|[2005T) . We also 
note that ID=7001 has similar characteristics. 

On the other hand, there is an indication of the remain- 
ing traces of the latest episode of star formation in some 
of the massive, passive early-type galaxies in the cluster. 
Due to the lower signal-to-noise ratio of our spectra at 
wavelengths larger than about 9000 A, an accurate mea- 
surement of the EW of the Hs absorption feature is not 
possible. Therefore, an identification of post-starburst 
stellar populations in individual early-type cluster galax- 
ies cannot be properly done with the existing data. How- 
ever, by co-adding the spectra of the 10 bright est passive 
galaxies in RDCS J1252.9-2927 (|Rosatill2004 ) . a promi- 
nent Hs feature emerges and some other higher-order 
Balmer features become visible. In Fig. [13] we show the 
co- added spectra of the 10 (top panel) and 20 (bottom 
panel) brightest (in K a ) passive cluster members. An 
increase of the Hs (about 36%) and other Balmer ab- 
sorption features equivalent width can be seen when in- 
cluding fainter early-type members. We note that the Hs 
absorption line can indeed clearly be seen in the individ- 
ual spectrum of the first, second, third and fifth brightest 
cluste r members (in zsso) after a total integration time of 
24 hr (H olden et al1l2005h . A more detailed quantitative 
analysis of this observation is underway (Rosati et al. , in 
preparation) . 

3.4. Color-magnitude distribution of cluster galaxies 

iLidman et al.l (|2004h included all galaxies within 20" 
(0.17 Mpc) of the cluster center in their J — K s versus K s 
color-magnitude diagram of RDCS J1252. 9-2927. In this 
paper, we produce a second color-magnitude diagram us- 
ing the reprocessed ISAAC data, but here we only use 
galaxies with measured redshifts. The stellar symbols 
in Fig. [14] represent spectroscopically confirmed stars. 
Crosses are non-cluster members, i.e., objects with red- 
shift z < 1.22 or z > 1.25. Filled circles are cluster mem- 
bers without detectable [OII](A3727) emission. The filled 
triangles, on the other hand, are cluster members with 
[Oil] emission . The dotted red line is the fit published in 
ILidman et al.l (|2004l ). At that time, only a limited num- 
ber of redshifts were available, so, to limit the effect of 
contamination from non-cluster members, only galaxies 
within 20" of the cluster center and within the blue rect- 
angle in Fig. [TJ] were used in fitting the CM relation. 
Here, only cluster members without [Oil] are used in the 
fit, which is shown as the solid red line. No other restric- 
tions are used. The slope and scatter about the two fits 
are listed in Table [6] and are calculated as explained in 



ILidman et al.l (|2004h . Within the statistical err o r bot h 
fits are the same. Therefore, as in ILidman et al.l {2004), 
the values here obtained for the slope and scatter about 
the new fit imply that passive galaxies in RDCS J1252.9- 
2927 are home to old stellar populations with a mean age 
of ~ 3 Gyr (according to solar-metallicity. singl e stel- 
lar population models of iBruzual fc Char iot 2003). This 
corresponds to a formation redshift of z* ~ 3 for the 
bulk of the stars in these galaxies. The values of the 
slope and scatter presented in this work were obtained 
using all passive members up to more than 0.5 Mpc from 
the center, without restricting o urselves to the centra l 
40" (diameter; ~ 0.3 Mpc) as in ILidman et alJ (|2004h . 
and are consistent with meas urements in lower redshift 
clusters ([Stanford et al.lll998fh 

Looking at morphology and colors, we do not see 
any indication of the existence of a population of SO 
galaxies with a bluer (with respect to elliptical galax- 
ies) color-magnitude sequence, in contrast to what has 
been obs erved in the galax y cluster RDCS J09 1 0+5422 at 
z = 1.1 (|Mei et al.ll2006a|) . As pointed out bv lMei et all 
(|2006al) . the existence of a bluer color- magnitude se- 
quence of the SO galaxies with respect to the elliptical 
galaxies in RDCS J0910+5422 could be the result of 
a still forming cluster, with these bluer SO galaxies be- 
ing part of a group infalling from the field onto a more 
evolved red cluster population. RDCS J1252. 9-2927 
presents a more evolved structure having a more evolved 
early-type population, with elliptical and SO galaxies dis- 
tributed over a common red sequence. 

From Fig. 1141 we observe that all spectroscopic mem- 
bers without detectable [OII](A3727) emission have mag- 
nitudes brighter than K s = 21.5, cor responding to ~ 
K* + 1.5 {K* s ^ rest = -24) at z=1.237 (iStrazzullo et all 
2006). This indicates the spectroscopic limit for galax- 
ies with no detectable [Oil] emission, while star-forming 
objects can be confirmed down to K s ~ 24 (~ K* + 4). 
Star- formation is active in faint (> A"* + 1.5), less mas- 
sive objects with only a few star-forming members with 
K s < 21.5. One of these objects is ID=174, the cluster 
member AGN, which is also the reddest (J — K s ~ 1.3) 
member in Fig. [T4] The other star-forming galaxies (IDs 
309, 339, 445 and 345) are well located within the near- 
IR CM relation. 

If the fit of the cluster red sequence were restricted to 
cluster members brighter than ~ K*, the resulting slope 
would be considerably flatter. This steepening of the 
slope when including fainter passive members could be 
due in part to the selection effect imposed by our inabil- 
ity of detecting passive members below the spectroscopic 
limit of our survey. Star-forming objects, having bluer 
colors, would contribute to produce a fit slope steeper 
than the one obtained if only more luminous and passive 
(redder) objects were considered. The selection effect 
caused by the spectroscopic limit of passive galaxies pre- 
vent us from properly investigating the faint end of the 
red cluster sequence, in parti cular its build - up at this 
high redshift. As indicated by iTanaka et alJ (]2005l ). the 
faint end of the red cluster sequence seems to be still un- 
der construction at z ~ 0.8. The observed deficiency of 
galaxies at the faint end in z ~ 0.8 clusters suggests that 
part of the blue cluster galaxy population may well be 
the progenitors of the present day faint end population of 
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the red sequence (|De Lucia et a,l.ll2p04T) . as supported by 
recent high-resolution simulations (|De Lucia et aLll2006| ) 



which, however, find it difficult to reproduce such tight 
color sequences at this redshift. More observations are 
needed to firmly establish this. 

In Fig. [15] we show the color-magnitude diagram using 
the ACS filters. Here we include spectroscopically con- 
firmed passive (red circles) and emission line (blue tri- 
angles) cluster members. S quares are objects with pho- 
tometric rcdshifts (Bcm'tez 2000) in the range 1.12 < 
Zphot < f -35 and within an aperture of 1 Mpc centered 
in the cluster (we excluded known spectroscopic non- 
members). These photometric rcdshifts have been cor- 



rected for a systematic deviation 



•'spec 



Zphot) = 0.17. 



The red sequence can be traced down to a magnitude of 
Z850 = 24.5 in these ACS bandpasses, vanishing quickly 
at fainter magnitudes. However, this cutoff magnitude 
can be affected by uncertainties in the photometric red- 
shifts. 

3.5. Color-Color distribution of cluster galaxies 

The distribution of spectroscopic cluster members in 
color-color space is shown in Fig. [TH Red filled circles 
correspond to passive galaxies and blue filled triangles to 
[Oil] emission galaxies. The open square indicates the 
only known AGN at the cluster redshift (ID=174; see 
section §2.4p . A clear separation between passive and 
star-forming galaxies is seen, with the exception of three 
emission line galaxies, IDs 309, 345 and 445, which are 
located in the locus of passive members. These galaxies 
are also located in the red sequence of both 1775 — zsso vs 
Z850 and J s — K s vs K s color-magnitude diagrams. The 
estimated SFR for these objects varies from 0.5 to 2.9 
Mq yr _1 (see tabled, although the error bars are large. 

The shape of the continuum and the [OII](A3727) 
line of IDs 345 and 445 are consistent with their red 
(1775 — z 8 5o ~ 0.95, J s — K s ~ 0.8) colors and star- 
forming nature. ID=309, on the other hand, shows 
a rather flat continuum up to 9000 A suggesting that 
we are looking at a dust-rich star-forming galaxy. The 
increase in number of sky lines, a relatively low SNR 
(SNR~3) and therefore a poorer extraction of the con- 
tinuum beyond 8500 A may have caused the flatten- 
ing of the spectrum towards red wavelengths, in con- 
trast to its red ^775 — zgso color. These galaxies are lo- 
cated within an annulus spanning from ~ 0.4 to ~ 0.8 
Mpc in radius from the two central bright elliptical 
ga laxies, which c o rrespo nds to R/R200 — 0.43 — 0.85 
in iPostman et alj (|2005f ) . The morphology-radius rela- 
tion obtained for a composite cluster sample of 7 galaxy 
clusters (including R DCS J1252.9-2927) at z ~ 1 ob- 
served with the ACS ([Postman et al.l l2005h shows that 
these objects are in a region where the average frac- 
tion of early-type galaxies (~39%) is about half of that 
of late-type galaxies (~61%). Red, possibly obscured 
star-forming galaxies in clusters at low redshift have al- 
ready been reported in the litera t ure dDuc et al. 120021 : 



iCoia et al.l 127)051 : iWolf etHI iPopesso et all llfflOfifi 



while si milar objects have also been observed at redshift 
z > 0.8 ([van Dokkum & Stanford) 120031: iDemarco et aP 
120051 ) and in the field up to z ~ 2 ([Franzetti et al.ll2006^ 
Finally, we note that the two other [Oil] galaxies with 
colors J s -K s > 0.9 (IDs 248 and 339), excluding the X- 
ray source ID=174, can be starburst galaxies with E(B — 



V) > 0.39 (|Kinnev et al.lll996f ) as shown in Fig. Hand 
Fig. [I6j while the colors of the rest of the member star- 
forming galaxies can be reproduced by galaxies with Z = 
Z Q and exponential SFRs (see Fig. [5] and Fig. [16]). We 
also note that ID=339, with an elongated and irregular 
morphology, has a blue color in the optical (1775 — zsso = 
0.64) but a red color in the near-IR (J s - K s = 0.92), 
suggesting that this star-forming galaxy has a significant 
amount of dust obscuring an important fraction of its 
"blue" light. 

3.6. Morphologies and spectrophotometric properties 
The morphological T -type class (Ide Vaucouleurs et al.l 



119761 ) as determined by IPostman et al.l ([2005) for cluster 
members is given in Table [3] T-type values range from 
-5 for elliptical galaxies to 8 for disk/irregular galaxies. 
A value of -2 corresponds to SO galaxies, values between 
-1 and 1 are assigned to morphologies between SO and 
Sa and a value of 6 corresponds to an Sd morphology. In 
general, we observe the well-known correlation between 
morphology and SFR. Most of the star-forming objects 
in this cluster have irregular morphologies or irregular 
disky structures where star formation is taking place. 
One of these, ID=6301, can be a possible merger with two 
compact bright regions surrounded by a gas envelope. 
Another one, ID=619, shows clear spiral-arm features 
and could also be a merger. In contrast, most of the 
passive galaxies have morphologies typical of elliptical 
and SO galaxies, with no on-going star formation due to 
their poor or zero gas content. 

Passive early-type galaxies have red colors while star- 
forming late- type galaxies are blue, (see Fig. IT4| . a man- 
ifestation of the well-known correlation between stellar 
populations and morphology. However, in Fig. [14]we ob- 
serve that a few star-forming galaxies have colors as red 
as the passive cluster members in the red sequence. One 
of these sources is ID=174, the confirmed cluster mem- 
ber X-ray source (see section £ 12 .4[) . with a J — K s color 
about 0.35 magnitudes redder than the average color of 
red sequence members and whose star-formation can be 
due to the central, dust-obscured AGN. The other red, 
star-forming sources in the red sequence of Fig. [14] are 
IDs 248, 309, 339, 345 and 445. While IDs 248 and 339 
show an irregular disky appearance, IDs 309, 345 and 
445 are characterized by a prominent central bulge sur- 
rounded by a diffuse disk structure (see Fig. [5]). We ob- 
serve that IDs 309, 345 and 445 also have red 1775 — z§5o 
colors (^775 — z 85 o ~ 0.95) that locate them in the locus 
occupied by red, passive galaxies in Fig. [16] While the 
star-formation in these sources must be occurring in their 
gas-rich regions, their red colors should arise from the 
combined effect of old stellar populations and dust red- 
dening. One interesting object is ID=726. This source is 
very compact and also shows a clear [Oil] emission line 
in its spectrum, as shown in Fig. [5] In addition, its blue 
color (see table[3]) is consistent with the flat continuum of 
its spectrum. With a magnitude Mb = —20.74, this ob- 
ject can be considered in the class of lumin ous compact 
blue galaxies reporte d in t he literature (e.g.JWerk et al.l 
12004 lHammer et all 120011 iNoeske et al.ll2006l ). This ob- 
ject has a very compact morphology (it is similar to the 
PSF), hence Postman et al. did not provide a morpho- 
logical T-type for it (see Table [3]). 
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4. DISCUSSION AND CONCLUSIONS 

We have combined an extensive multi-wavelength 
dataset to provide a comprehensive picture of the X-ray 
luminous, massive cluster of galaxies RDCS J1252. 9-2927 
at z = 1.237. ACS data provides detailed morphologi- 
cal information of galaxies and accurate photometry. By 
using FORS on the VLT, we were able to spectroscopi- 
cally confirm 38 cluster members. The overall projected 
distribution of spectroscopic cluster members presents a 
clear elongation in the East- West directio n, consistent 
with the elongation ob served in the ga s dRosati et al.l 
l2004h and dark matter (lLombardi et al l [20051) distribu- 
tions. As pointed out by iRosati et al. ( 2004T ). the X- 
ray surface brightness distribution of the core of RDCS 
J1252. 9-2927 has a comet-like sh ape, resembling a cold 
front in low redshift clusters (e.g.. iMazzotta et al.ll200ll ) 
produced by a merging process of a subclump in the East- 
West direction. 

The velocity dispersion a v of the cluster members is 
747^g4 km s _1 . Assuming virial equilibrium we find that 
the virial mass is ~ 5 x 10 14 M Q . Our mass estimates 
are also con sistent with the mass estimate s from the 
X-ray data (|Rosati et all l2004t lEttori et al l I2004D and 
the weak-lensing mass map (|Lombardi et al.ll2005l ). Our 
value of <j v is also consistent with the L x — a v relation 
for clusters, but t urns out to be in disagreement with the 
a v - T x relation (jXue fe Wull2000D . While t he observed 
L x an d T x values follow the L x —T x relation of lXue fc Wul 
(2000), the deviation from the a v — T x relation may be 
the signature of a galaxy distribution still not in a fully 
dynamical equilibrium. 

Indeed, RDCS J1252. 9-2927 has not yet attained an 
equilibrium state as suggested by a more detailed analy- 
sis of the velocity distribution of cluster members. RDCS 
J1252. 9-2927 is the most distant cluster for which a 
substructure analy sis can be attempted. The kurtosis 
(|Beers et al.l Il99il i indicates that the velocity distribu- 
tion of cluster members is not Gaussian at the > 95% c.L. 
The weighted gap procedure finds a significant gap in the 
space of ordered velocities and a 3D KMM study detects 
substructure in velocity at the 95.6% c.L. The substruc- 
ture is composed by two groups of galaxies which are 
mostly distributed in a East- West direction on the sky, 
as shown in Fig. 1111 Twenty-six galaxies are confirmed 
in the "low-velocity" group (centered at —354 ± 159 km 
s _1 with respect to the cluster mean velocity) with a ve- 
locity dispersion of 486+g5 km s _1 and located mostly to 
the West of the cluster center. Twelve galaxies are con- 
firmed in the "high- velocity" group (centered at 845±182 
km with respect to the cluster mean velocity) with 

a velocity dispersion of 426^ios km s_1 an( ^ to the East 
of the cluster center. 

The existence of the above correlations between posi- 
tions and velocities of cluster galaxies is a footprint of 
real substructure. In particular, it suggests that RDCS 
J1252. 9-2927 is forming via a merger along the E-W di- 
rection. Going further, we estimate the mass contained 
within i?2oo for each group (see section §3.2|) . The sum 
of these two masses is about half of the cluster mass, 
and it should be considered as a lower limit of the latter. 
These groups may be the virialized cores of two larger 
systems, with possibly R > 2 i?2oo arL d larger velocity 
dispersions. The fact that the X-ray emission presents a 



single peak, although elongated in morphology, indicates 
that these two groups have already started virialization. 
This is supported by the degree of merging of the group 
members as shown in Fig. 1111 Our substructure analysis 
has thus found the remnant traces of two sub-clusters 
merging parallel to the sky as suggested by the lack of a 
clear bimodal distribution of the overall cluster velocity 
field. 
By using the a v 



relation for groups in lXue fc Wul 
(2000), we find that both groups have velocity disper- 
sions consistent with the same temperature of ~2 keV. 
This temperature is inconsistent with the overall cluster 
temperature of ~6 keV, yet it corresponds to about half 
the total cluster X-ray luminosity a ccording to the group 
L x - T x relation (|Xue fc Wull2000[) . Thus, both groups 
seem to be independently virialized and the sum of their 
X-ray luminosities would be approximately equal to the 
total cluster L x . The temperature value of the overall 
ICM would have been the consequence of gas particle in- 
teractions at an earlier epoch during the merger of the 
groups. By the epoch of observation, the overall ICM is 
consistent with being in an almost isothermal hydrostatic 
equilibrium in a single potential well, while the groups 
are fossilized in the velocity dispersion substructure. The 
agreement of the observed cluster L x and T x values with 
the L x — T x relation and the deviation of the cluster val- 
ues from the a v — T x relation show that the gas in the 
cluster is more relaxed than the galaxies. Since galaxies 
behave more like dark matter particles, they still need 
more time to reach the a v — T x relation expected for the 
cluster. In summary, the elongated shape of the cluster 
structure (in all its components: baryons and dark mat- 
ter) and the substructure in velocity leads us to conclude 
that RDCS J1252. 9-2927 has not yet reached a final virial 
state: we may be seeing gravitational collapse of two or 
more sub-clusters along a high density filament. 

In this work we present an improved analysis of the 
near-IR color-magnitude diagram of galaxies in RDCS 
J1252. 9-2927, based on ISAAC data which have been 
reprocessed in order to optimise image quality and ob- 
tain more accurate photometry over the entire region 
covered by near-IR observations. We use only spectro- 
scopic cluster members and the analysis extends over 
more than 1 Mpc from the cluster center, in contrast 
to previous studies. The fit to the red cluster se- 
quence, including all passive spectroscopic members, 
yields slope and scatter valu es c onsistent with the re - 
sult of lBlakeslee et al.1 (|2003bf ) and lLidman et all (|2004h . 
This indicates that the early-type galaxy cluster popu- 
lation has formed most of its stellar content at z ~ 3 
and has passively evolved since down to the epoch of 
observation, as previously shown for z ~ 1 clusters 
(Ivan Dokkum fc Stanford! 120031: IBlakeslee et all l2003ri 
iLidman et all 12004 iBlakeslee et al.l 120061 : iMei et al.l 
l2006al |bl). If we restrict the fit of the cluster red sequence 
to spectroscopic members brighter than ~ K*, the slope 
becomes significantly shallower, suggesting that the CM 
relation of passively evolving systems seems to be non- 
linear, although this could also be due to a selection ef- 
fect. The [Oil] emission line observed in 17 cluster galax- 
ies allows us to estimate a lower limit value of O.7Af 
yr _1 for the median SFR in the cluster. Only 5 out of 25 
spectroscopic members that are brighter than K* + 1.5 
show ongoing star formation. Three star-forming galax- 
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ies have colors as red as galaxies in the red cluster se- 
quence of both 2775 — Z850 vs. Z850 (optical) and J s — K a 
vs. K s (near-IR) color-magnitude diagrams. One addi- 
tional star- forming galaxy is observed in the red sequence 
of the near-IR color-magnitude diagram but not in the 
optical one, suggesting that we are observing a dust-rich 
galaxy. Finally, a highly obscured AGN is observed to be 
a spectroscopic member of RDCS J1252. 9-2927, and we 
do not find any evidence of "red mer gers" like those ob- 
serve d in the galaxy cluster MS1054 (jvan Dokkum et ahl 
fl999h . 

The projected distribution of passive and star- 
forming galaxies in this cluster shows a spectrum- 
density relation that qualitatively rese mbles the observed 
morphology-density relation at Z ~ 1 (|Smith et al.ll2005t 
iPostman et al.ll2005f) : passive, early- type galaxies domi- 
nate the cluster core while star-forming, late-type galax- 
ies are found in the outskirts of the cluster. From a 



dynamical point of view, we are witnessing hierarchical 
structure formation: we are observing a merger of two 
large groups of galaxies into a more massive structure. 
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TABLE 1 

A SUMMARY OF THE VLT SPECTROSCOPIC DATA OBTAINED ON RDCS J1252. 9-2927. 
GRISM/FlLTER CORRESPONDS TO THE GRISM/ORDER SORTING FILTER COMBINATION USED 
AND THE EXPOSURE TIMES ARE GIVEN IN UNITS OF HOURS. THE (*) INDICATES 
OBSERVATIONS CARRIED OUT WITH THE MOSAIC OF TWO 2K X 4K MIT CCDS. 



Mask name 


Date 


Telescope 


Instrument 


Grism/Filtcr 


Exp. time 


Mask 


m 1 
1111 


Mar. 


2001 


UT2 


r wiioz 


QnnT /or 1 ^qo 


'i. y 


MXU 


m 2 


Mar. 


2001 


UT2 


FORS2 




4 


MXU 


m3 


Mar. 


2001 


UT2 


FORS2 


300I/OG590 


0.9 


MXU 


m3 


Apr. 


2001 


UT2 


FORS2 


3001/none 


4.5 


MXU 


ml 


Mar. 


2001 


UT2 


FORS2 


300I/OG590 


1.7 


MOS 


ml 


Mar. 


2001 


UT2 


FORS2 


150I/GG435 


1.4 


MOS 


mo 


Mar. 


2001 


UT2 


FORS2 


150I/GG435 


1.3 


MOS 


m6 


Apr. 


2001 


UT2 


FORS2 


3001/none 


4.5 


MXU 


m7 


Apr. 


2001 


UT2 


FORS2 


1501/none 


2.0 


MOS 


m8 


Apr. 


2001 


UT2 


FORS2 


1501/none 


2.0 


MOS 


m9 


Apr. 


2001 


UT2 


FORS2 


1501/none 


1.0 


MOS 


mlO 


Apr. 


2001 


UT2 


FORS2 


3001/none 


2.5 


MXU 


mil 


Oct. 


2002 


UT4 


FORS2* 


3001/none 


6.5 


MXU 


ml2 


Feb. 


2003 


UT4 


FORS2* 


3001/none 


3.7 


MXU 


ml3 


Feb. 


2003 


UT4 


FORS2* 


3001/none 


3.0 


MXU 


ml4 


Apr. 


2004 


UT4 


FORS2* 


3001/none 


4.7 


MXU 


ml5 


Apr. 


2004 


UT4 


FORS2* 


3001/none 


4.7 


MXU 



TABLE 2 

Spectroscopically-confirmed cluster members. R.A. and DEC. (J2000) 

COORDINATES ARE IN (H:M:S) AND (°: : ), RESPECTIVELY. COLUMN 4 SHOWS THE REDSHIFT 
AND ITS FORMAL ERROR AS OBTAINED FROM THE CR OSS-CORRELATION . COL UMN 5 SHOWS 
THE CORRELATION COEFFICIENT, R, AS DEFINED IN ITONRY fc DAVIsI (|1979l h COLUMN 6 
INDICATES THE MOST PROMINENT SPECTRAL FEATURES IDENTIFIED IN THE SPECTRUM". 

Column 7 shows the emission line flag assigned to the object. A value of 

CORRESPONDS TO GALAXIES WITHOUT EMISSION LINES AND A VALUE OF 1 CORRESPONDS TO 
GALAXIES WITH NARROW EMISSION LINES. THE LAST THREE COLUMNS ARE THE INTEGRATED 



[Oil] 


LINE FLUX 
A) AND 


(in xlO 17 erg s 1 cm— 2), the [Oil] line equivalent width (EW; in 

THE STAR-FORMATION RATE (SFR; IN Mq J/r -1 ) RESPECTIVELY. 


ID 


R.A. 


DEC. ■ R Spec. Feat. a E. L. Flux [Oil] EW [Oil] SFR 


SEE 


EDITION 


FROM JOURNAL 



a Most prominent spectral features: FcI(A3581), HeI(A3614), [Oil] (A3727), H10(A3750), H9(A3770), 
H8(A3799), MgI(A3834), H6(A3889), the Call lines (H(A3934) and K (A3969)), the decrement at 4000 A 
(D4000), H 5 (A4102) and CaI(A4227). 



TABLE 3 

Photometric catalog of spectroscopically confirmed cluster members. The galaxy ID 

IN THE CATALOG IS GIVEN IN THE FIRST COLUMN. MAGNITUDES IN THE AB SYSTEM, CORRECTED 

FOR GALACTIC REDDENING, AND THE CORRESPONDING ERRORS ARE GIVEN IN THE FOLLOWING 
COLUMNS: B-, V- AND R-BAND MAGNITUDES WERE OBTAINED WITH VLT/FORS, THE 1775- AND 
2850-BAND MAGNITUDES ARE FROM HST/ACS AND THE NEAR-IR MAGNITUDES ARE FROM THE 
REPROCESSED VLT/ISAAC DATA. A VALUE OF 99 HAS BEEN ASIG NED TO UNAVAILABLE 
PHOTOMETRY. THE LAST COLUMN GIVES THE MORPHOLO GICAL T-TYPE ifpE VAUCOULEURS ET AL.I 
119761) OF THE GALAXY AS DETERMINED BY lPOSTMAN ET AL.I (l2005fT 



ID Kj ot B-V V-R V - i 7 75 R-K s i 7T5 - 2850 Js - K„ T-type 



SEE EDITION FROM JOURNAL 
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TABLE 4 

X-RAY POINT SOURCES, IN THE CLUSTER FIELD OF VIEW, DETECTED BY CHANDRA. 

Right Ascension (R.A.) and Declination (DEC.) J2000 coordinates are in 
(H:M:S) AND (°: : ), respectively. The spectroscopic redshift of the source is 
given in column 4. The flux, in units of erg s -1 cm— 2, in the [0.5-2] and [2-10] 
keV bands of Chandra are given in columns 5 and 6, respectively. The rest 
frame x-ray luminosity, in units of erg in the [0.5-2] and [2-10] kev bands 
are given in columns 7 and 8, respectively. 



ID R.A. DEC. z f x [0.5-2] f x [2-10] L x [0.5-2] L x [2-W] 



425 


12: 


:52 


:58. 


.14 


-29: 


:26:49.3 


0. 


.4694 


5 


1E- 


•16 


2 


3E- 


15 


3 


3E+41 


1 


.5E+42 


69 


12 


:53: 


:03. 


.60 


-29: 


:28:28.4 


0. 


.4762 


1 


1E- 


15 


6 


.8E- 


15 


7 


.3E+41 


4 


.6E+42 


7006 


12: 


:52 


:56 


.96 


-29: 


:30:10.9 





.7313 


1 


. 1E- 


15 


3 


3E- 


15 


2 


.1E+12 


5 


.7E+42 


661 


12: 


:53; 


:01. 


.50 


-29: 


:25:38.8 





.7439 


1 


.4E- 


14 


2 


.6E- 


■14 


2 


.6E+43 


4 


.8E+43 


217 


12 


:53: 


:03. 


.64 


-29: 


:27:42.1 


0. 


.7533 


3 


3E- 


16 


9 


.0E- 


-16 


6 


.1E+41 


1 


.7E+42 


3043 


12 


:53 


:00 


.39 


-29: 


:29:17.2 


0. 


.8220 


2 


.9E- 


15 


1 


.1E- 


14 


6 


.5E+42 


2 


.4E+43 


355 


12: 


:52; 


:42. 


.48 


-29: 


:27:03.0 





.8440 


i 


.2E- 


16 


9 


.5E- 


16 


9 


9E+41 


2 


.3E+42 


612 


12: 


:52 


:59 


.93 


-29: 


:25:18.4 


1. 


.1764 


1 


1E- 


15 


4 


.5E- 


15 


5. 


.5E+42 


2 


.2E+43 


174 


12: 


:52 


:49. 


.82 


-29: 


:27:54.9 


1. 


.2382 


1 


9E- 


16 


1 


.6E- 


15 


1 


.1E+42 


8 


.6E+42 


321 


12: 


:52 


: 10. 


.36 


-29: 


:27:14.1 


1 


.3479 


1 


.6E- 


16 


5 


6E- 


15 


1. 


.1E+42 


3 


6E+43 


374 


12: 


:52 


:50 


.08 


-29: 


:27:00.7 


1. 


.5198 


1 


.6E- 


15 


3 


.5E- 


15 


1 


.4E+43 


3 


.OE+43 



TABLE 5 

Spectroscopic data of field galaxies. The 
object id in the catalog is given in the first 
column. Right Ascension (R.A.) and 
Declination (DEC.) J2000 coordinates are 

GIVEN IN THE SECOND AND THIRD COLUMN 
RESPECTIVELY. RAs ARE GIVEN IN (H:M:S) AND 

DECS IN (°: : ). COLUMNS 4 AND 5 SHOW THE 
REDSHIFT AND THE FORMAL ERROR IN REDSHIFT AS 
OBTAINED FROM THE CROSS-CORRELATION. THE 
TABLE HAS BEEN ORDERED FROM LOW TO HIGH 
REDSHIFT. A PROMINENT "STRUCTURE" IN 
REDSHIFT C AN BE SEEN AT REDSHIFT Z ~ 0.74 (SEE 

section il3.lt . Objects belonging to this 
"structure" are marked with a star. 



ID 


R.A. 


DEC. z Err. z 


SEE 


EDITION 


FROM JOURNAL 



TABLE 6 

Color-magnitude fitting. Only spectroscopic members without [Oil] 
emission are used to fit the CM relation (solid red line in Fig. Il4p . 



Fit # 


Slope 


Color at K s = 18.5 


Intrinsic Scatter 


Comments 


1 


-0.048 ±0.015 


1.85 


0.070 


fLidman et al. 2004) 


2 


-0.042 ± 0.022 


1.87 


0.061 


This work 
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Fig. 1.— (SEE EDITION FROM JOURNAL) Projected distribution of cluster members on the sky (North is up and East is to the left). 
Circles are non star-forming galaxies and triangles are galaxies showing [Oil] (A3727) in their spectrum. The background image corresponds 
to the FORS2 coverage in BVR, the darker image corresponds to the zgso ACS data and the dashed lines show the field covered by ISAAC. 
The overall shape of the distribution of confirmed galaxy members is clearly elongated in the East- West direction. 
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Fig. 2. — Color-color selection of the spectroscopic sample. Galaxies with K 3 < 21, J—K s < 2.1 and R — K s > 3 were targeted. 
The different color tracks correspond to different evolutionary models, computed with Bruzual & Chariot's code, and to 6 KC 
templates with different E(B — V) color excess (see text for details). The square indicates the spectroscopically confirmed cluster 
AGN (ID=174). Filled circles indicate passive members while filled triangles indicate emission line [OII](A3727) members. Small 
dots are objects in our full photometric catalog. 
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Fig. 3. — The success rate of the spectroscopic survey, defined as the ratio of the number of objects with spectroscopic redshifts to the 
number of objects that were targeted for spectroscopy as a function of K s magnitude, is shown by the solid histogram. The data were 
binned in AK S = 0.5 mag intervals. This distribution includes only objects for which an estimate of their K s magnitude is available. 
The dashed histogram shows the success rate only considering our main color-color selection: R — K s > 3 and J — K s < 2.1, while the 
dotted histogram shows the same ratio only considering the secondary color-color selection: / — zgso > 0.4, / — 2850 < 0.85, V — I > 0.2, 
V — I < 1.2, V — I > [2.4 (I — 285o) — 1.12] and V — I < [7.0 (I — zgso) — 2.3]. This secondary selection was intended to target Balmer-Break 
and star-forming galaxies. The dot-dashed line corresponds to the K a magnitude of the brightest cluster member. 
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0.0 0.5 1.0 1.5 

Redshift 

Fig. 4. — Redshift distribution of the 227 galaxies with a secure estimate of their redshifts. The bin size of the histogram is Az = 
0.01. RDCS J1252. 9-2927 appears as the strongest peak of the distribution with a median redshift of z = 1.2373 (3<r-clipped mean of 
z = 1.2371 ±0.0009), with 38 galaxies within the range 1.22 < z < 1.25. A number of smaller peaks in the survey distribution are observed 
along the line of sight to the cluster, where a significant peak at z ~ 0.74 is detected. This "group", composed of 31 galaxies, has a 
3cr-clipped mean redshift of z = 0.7429 ± 0.0024. 
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Fig. 5.— (SEE EDITION FROM JOURNAL FOR THE FULL FIGURE) The sample of 37 spectroscopic cluster members in the ACS 
field of view. The left and middle panels show ACS cutouts in the 4775 and 2850 bands, respectively. Each cutout is 5" a side and the 
number in the panels corresponds to the galaxy ID. The right panel shows the corresponding VLT/FORS spectrum. Most prominent 
spectral features identified in each spectrum in the wavelength range shown here are marked (see footnote in table [2] for the list of spectral 
features). The spectra have been smoothed by 5 pixels (1 pix ~ 2.5A). 
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Fig. 6. — VLT/FORS spectrum of cluster member ID=7001. This object was discovered outside the ACS field of view. Most prominent 
spectral features in the wavelength range shown here are marked (see footnote in table [2] for the list of spectral features). The spectrum 
has been smoothed by 5 pixels (1 pix ~ 3.1A). 
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Fig. 7. — Optical spectrum of spectroscopically identified non cluster member AGN in the field of view of RDCS J1252. 9-2927. 
Most prominent spectral features are indicated: MgII(A2798), NV, [OII](A3727), H8, MgI(A3834), H6, CaII(H),CaII(K), D4000, 
US, G, H7, H/3, [OIII], Mg and CaFe. The vertical dashed line indicates the telluric A-band feature at 7600A. The spectra have 
been smoothed by 5 pixels (1 pix ~ 3.0A). 
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Fig. 8. — Redshift and velocity distribution of cluster members. The y-axis indicates the number of objects, and the histogram bin 
size has been set to Az = 0.002. Assuming a Gaussian distribution in velocity of the spectroscopic members, the median redshift of the 
distribution is z = 1.2373 (vertical dashed line) and the global velocity dispersion is 747^^ km s — 1 , based on the biweight estimator 
IIBeers et al.llT990h . The hatched area indicates the distribution of star-forming ([Oil] (A3727)) members. The mean redshift and velocity 
dispersion of passive and [Oil] cluster members are consistent with each other and with the overall cluster values within the uncertainties. 
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Fig. 9. — Lower panel: rest-frame velocity vs. projected distance from the cluster center (taken as the X-ray center; Rosati ct al. 2004) 
of the 38 galaxies assigned to the cluster. Upper panel: velocity histogram of the 38 galaxies assigned to the cluster (solid). Velocities of 
the three brightest galaxies are pointed out. The two dashed Gaussians correspond to the 3D KMM partition (KMM1 and KMM2 from 
left to right) while the dotted Gaussians indicate the two groups detected by the WGAP procedure (WGAP1 and WGAP2 from left to 
right). The 3D diagnostics is, in general, the most sensitive indicator of the presence of substructure. Therefore, we consider the KMM 
groups as a robust characterization of the cluster substructure. 
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Fig. 10. — Rest-frame integrated velocity dispersion profile of RDCS J1252. 9-2927. At the cluster redshift (z = 1.237), 0.5 arcmin 
corresponds to 250 kpc. The dashed line indicates the overall rest-frame cluster velocity dispersion (<r„ = 747^^ km s" 1 ) obtained 
from the biweight estimator (Beers ct al. 1990) with the corresponding error bars as dot-dashed lines. The solid dots are the integrated 
rest-frame velocity dispersion calculated at the given radius by using a ll the galaxies within that radius (Girardi ct al. 199rJ). These values 
were obtained by using Tukey's biweight estimator ( jPress e t . al.) [1993). correcting for velocity errors (Dancsc ct al. 1980|). Error bars are 
obtained from the fractional uncertainty in estimate for a v (Taylor 1997). The cluster velocity dispersion values are observed to be robust 
at radii larger than 170 arcsec (1.4 Mpc), i.e., at these radii, any velocity anisotropy of cluster galaxies does not affect the value of er„(< R). 
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Fig. 11. — Projected distribution on the sky of the 38 member galaxies: open squares and crosses indicate galaxies assigned to KMM1 and 
KMM2 groups, respectively. The two large open circles indicate the two galaxies which gives the difference in membership with WGAP1 
and WGAP2 groups. The plot is centered on the X-ray cluster center. KMM1 is mostly located to the West of the cluster center while 
KMM2 is mostly to the East, and the degree of merging observed from galaxy positions shows that these two groups have already started 
virialization in the main cluster potential. 
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Fig. 12. — Co-added spectrum of the 17 spcctroscpically confirmed star-forming members in RDCS J1252. 9-2927. The most prominent 
spectral features in the displayed wavelength range are indicated. From right to left, the dashed lines are features of the Balmer series: 
Hg, H e (next to the Call H line), and the higher order features H6, H7, H8, H9 and H10. The solid lines are the [Oil] (A3727) emission 
feature and the Call K and Call H absorption features. The dotted line indicates the A band telluric feature at 7600 A. The spectrum 
has been smoothed by 5 pixels (1 pix ~ 3.lA). 
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Fig. 13. — Co-added spectrum of the 10 (top) and 20 (bottom) brightest (in K a ) passive cluster members. Prominent Balmer absorption 
features become visible by co-adding spectra, indicating the existence of post-starburst stellar populations in passive early-type galaxies at 
this redshift (see footnote in table[2]for a list of spectral features). The spectra have been smoothed by 5 pixels (1 pix ~ 2.5A). 
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Fig. 14. — Near-IR (reprocessed ISAAC data) color-magnitud e diagram (CMD) of spectroscopic cluster members. Colors and magnitudes 
are shown in the 2MASS (Carpenter 2001; Cohen ct al. 2003) and AB systems. The star symbols represent spectroscopically confirmed 
stars. Crosses are non-cluster members, i.e., objects with redshift z < 1.22 or z > 1.25. Filled red circles are spectroscopic cluster members 
(objects with redshift in the range 1.22 < z < 1.25) without detectabl e [OIIKA3727) emission. The filled blue triangles are cluster members 
with [Oil] emission. The dotted red line is the fit published in Lidman ct al. ( 2004) including only galaxies within 20" (0.17 Mpc) of the 
cluster center and within the blue rectangle. The solid red line (fit #2 in Table [6j is the fit presented in this work using only cluster 
members without [Oil] (filled red circles). The slope and scatter about the two fits are listed in Table [6] The reddest star- forming member 
in the diagram corresponds to the confirmed AGN (ID=174). In this study we extend the analysis of the color-magnitude diagram of 
RDCS J1252. 9-2927 to more than 1 Mpc in radius from the cluster center, and show that the red sequence extends to more than 0.5 Mpc 
in clustcrccntric radius. 
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Fig. 15. — ACS color-magnitude diagram (CMD) of spectroscopic cluster members (circles and trian gles) and photometric members 
(squares). Photometric redshifts are computed by using the Bayesian method (Bcm'tcz 2000; Bcm'tcz ct al. 2004). Colors and magnitudes 
are computed in the AB system. Red circles correspon d to passive members w hile blue triangles correspond to [Oil] emission line galaxies. 
The best-fit color-magnitude relation and scatter from Blakcslce ct al. (2003b) are shown in green. Only objects within the central 1 Mpc 
region around the cluster center and with 1.14 < z p h t < 1.34 are shown. A color-magnitude relation for early-type galaxies is seen down 
to Z85o = 24.5 (dashed vertical line). At fainter magnitudes this relation seems to be truncated in the bandpasses shown here, although 
this cutoff magnitude can be affected by uncertainties in the photometric redshifts. 
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Fig. 16. — Distribution of spectroscopic cluster members in color-color space. All magnitudes are AB. Red filled circles correspond to 
passive galaxies and blue filled triangles to [Oil] emission galaxies. The open square indicates the only known AGN at the cluster redshift 
(ID=174). Model tracks are the same as those used in Fig. [2] spanning from 1 Gyr to 5 Gyr with intervals of 0.5 Gyr (see text). In this 
plot we show at the same time the color of passive and star-forming galaxies in both ACS and ISAAC filters. We note that this color-color 
diagram improves the selection of passive, red objects with respect to a J — K color cut only. 



